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Prostate cancer is the most common malignancy in males
and is the second most common cause of cancer mortality
in American men. Polymorphisms have been identified
in two genes, the 17-hydroxylase cytochrome P450 gene
(CYP17) and the steroid 5-reductase type II gene (SRD5A2)
that are involved with androgen biosynthesis and metabol-
ism. The CYP17 A2 allele contains a T→C transition in
the 59 promoter region that creates an additional Sp1-type
(CCACC box) promoter site. TheSRD5A2valine to leucine
(V89L) polymorphism has been correlated with lower
dihydroxytestosterone levels. We tested genotypes in 108
prostate cases and 167 controls along with samples (n J
340) from several different ethnic groups. TheCYP17A2
allele (combined A1/A2 and A2/A2 genotypes) occurred at
a higher frequency in Caucasian patients with prostate
cancer (70%) than in Caucasian clinical control urology
patients (57%), suggesting that the A2 allele may convey
increased risk for prostate cancer [odds ratio (OR)J 1.7,
95% confidence interval (CI) J 1.0–3.0]. Blacks and
Caucasians had a similar frequency of the A2 genotype (16
and 17%, respectively) while Taiwanese had the highest
frequency (27%). TheSRD5A2leucine genotype was most
frequent in Taiwanese (28%), intermediate in Caucasians
(8.5%) and lowest in Blacks (2.5%). Genotypes having a
SRD5A2 leucine allele were somewhat more common in
prostate cancer cases (56%) than in controls (49%) (ORJ
1.4, 95% CI J 0.8–2.2) but this difference was not signific-
ant. These results support the hypothesis that some allelic
variants of genes involved in androgen biosynthesis and
metabolism may be associated with prostate cancer risk.

Introduction

Prostate cancer is the most common malignancy and is the
second most common cause of cancer mortality in American
men (1). Despite its impact on public health, little is known
about its etiology. Studies of risk factors such as occupation,
diet, smoking, alcohol and sexual activity are inconclusive (2–

Abbreviations: AR, androgen receptor; AR–DHT, androgen receptor–di-
hydroxytestosterone complex; BPH, benign prostate hypertrophy; CI, con-
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dihydroxytestosterone; OR, odds ratio; PCR, polymerase chain reaction;
SRD5A2, steroid 5-reductase type II.

© Oxford University Press 1727

5). However, age, ethnicity and family history clearly affect
the risk of prostate cancer (6–8). Eighty percent of prostate
cancer develops in men over 65 years of age. Prostate cancer
incidence is 20- to 30-fold higher in American Blacks than in
Asians and is intermediate in American Caucasians (6,7). Men
having two or more affected first-degree relatives are 5 to 11
times more likely to develop prostate cancer (9).

Steroid hormones appear to be important determinants of
prostate cancer risk. Androgens are potent prostate mitogens
(10) and elevated androgen levels may be associated with
prostate cancer risk. Gannet al. (11) reported increasing risk
of prostate cancer with increasing levels of plasma testosterone;
however, other studies have failed to observe an association
(12–14) and plasma levels of testosterone may not accurately
measure the amount of free testosterone in the prostate (11).
Testosterone is synthesized from cholesterol by a series of
enzymatic reactions involving several of the cytochrome P450
enzymes (for a review, see ref. 15) (Figure 1). Of interest is
CYP17, which catalyzes two sequential reactions in the steroid
biosynthesis pathway. The first step is the conversion of
pregnenolone to 17-hydroxypregnenolone, which is sub-
sequently converted to C19 steroid dehydroepiandrosterone, a
compound with androgenic activity (15). A T→C transition
(A2 allele) in the 59 promotor region ofCYP17creates an
additional Sp1-type (CCACC box) promoter site, suggesting
that the A2 allele may have an increased rate of transcription.
Although the effect of this allele on phenotype has not been
demonstrated, it has been associated with elevated serum
estrogen and progesterone concentration in nulliparous
women (16).

Testosterone is converted to 5α-dihydroxytestosterone
(DHT) in the prostate by the enzyme 5α-reductase, type II
(SRD5A2). DHT binds to the androgen receptor (AR) forming
a complex (AR–DHT) which translocates to the nucleus and
transactivates target genes (17,18; Figure 1). A decrease in the
length of the polymorphic trinucleotide CAG repeat in theAR
gene enhances transactivation (19). Shorter repeats are found
in Blacks and are associated with increased prostate cancer
risk (17,20).

SRD5A2 activity (conversion of testosterone to DHT) varies
in different ethnic populations, and polymorphisms in the
SRD5A2gene have been identified which correlate with enzyme
activity and/or ethnicity (21–24). Rosset al. (25) reported
higher SRD5A2 activity in Blacks than in Asians, which
parallels observed ethnic differences in prostate cancer risk.
A valine to leucine polymorphism at codon 89 (V89L) has
been reported, with the leucine allele (L) associated with
lower steroid 5α-reductase activity and a lower prevalence in
Blacks (21).

Using a case control study design, we studied the association
between genetic polymorphism and prostate cancer risk in the
putative protective allele (leucine) of theSRD5A2gene and
the hypothesized risk allele (A2) of theCYP17gene.
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Fig. 1. Model of steroid-dependent prostate carcinogenesis. A simplified diagram of the biosynthesis pathway of testosterone and its conversion to DHT is
shown. Testosterone is converted into DHT in the prostate epithelial cells. Both DHT and testosterone can bind the AR; DHT binds the AR with 4- to 5-fold
higher affinity than testosterone. The activated AR–DHT complex binds to androgen-responsive elements of target genes involved in prostate cell
proliferation. T, testosterone (36).

Materials and methods
Subjects
Subjects have been described previously in a study of vitamin D receptor
polymorphisms and prostate cancer risk (26). Briefly, they consisted of 108
consecutive prostatectomy patients (96 Caucasians and 12 Blacks) at the
University of North Carolina Hospitals in Chapel Hill, NC and 167 male non-
cancer controls (159 Caucasians and eight Blacks) enrolled at the urology
clinics at University of North Carolina Hospitals and at nearby Duke University
Medical Center in Durham, NC. Most control subjects presented to the urology
clinic for evaluation and treatment of voiding symptoms due to prostatic
hypertrophy or impotence. Control subjects had no history of cancer other
than non-melanoma skin cancer. Blood was collected from both cases
and controls and DNA was extracted using standard phenol–chloroform
methodology.

As an independent measure of allele frequency in different ethnic populations
in North Carolina, gene frequencies were also determined for North Carolinian
Black and Caucasian populations who have been described previously and
been used in other genotyping studies (27–30). Briefly, DNA was extracted
from blood samples drawn from a community-based sample comprised of
over 400 healthy unrelated Blacks and Caucasians from Durham and Chapel
Hill, NC. A subset (n . 100) of each ethnic group (Blacks and Caucasians)
were used for estimatingCYP17andSRD5A2genotype frequencies. A larger
sample of 176 Caucasians was used forSRD5A2genotyping in order to
provide a more precise estimate of the uncommon LL genotype. Allele
frequency was also measured in 110 Taiwanese. Placenta DNA (kindly
provided by Dr L.L.Hsieh) was isolated from 110 unrelated full-term maternity
patients with uncomplicated pregnancy at the Chang Gung Memorial Hospital,
Taiwan (31).

Genotyping
CYP17. Polymorphisms inCYP17 were detected using polymerase chain
reaction (PCR)–restriction fragment length polymorphism analysis. A 629 kb
DNA fragment including the A1/A2 polymorphic site was amplified from
50 ng genomic DNA using the PCR primersCYP17214F(TCCTGAGCCCAG-
ATACCAT) and CYP823R(CCGCCCAGAGAAGTCCT). The PCR reaction
consisted of an initial 4 min denaturation step followed by 30 cycles of 30 s
at 94°C, 30 s at 60°C and 30 s at 72°C. The presence of the A2 allele creates
a MspAl restriction site in the PCR fragment. The PCR product was digested
with MspA1 for 2 h at 37°C and run on 3% Nusieve 3:1 agarose gels (FMC
Bioproducts, Rockland, ME). The A1/A1, A1/A2 and A2/A2 genotypes
resulted in 577; 577, 305 and 272; and 305 and 272 bp digestion products,
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respectively. A 52 bp fragment was present in all samples due to an invariant
MspA1 site that served as an internal control for complete digestion.

SRD5A2.Fifty nanograms of genomic DNA was used in a 15µl PCR reaction
containing PCR primersSRD5A2415F(TCCAGAAGTTGCCGCATCAG) and
SRD5A2039R(CGGTGCGCGCTCCAC) and 13 additive Q reagent (Qiagen,
Santa Chatsworth, CA). Q reagent provided higher yields in optimization
experiments. Cycling conditions were the same as forCYP17 except the
annealing was at 65°C. The presence of the valine (V) at base 1007 results
in an RsaI restriction site. The 639 bp PCR product encompassing the
polymorphic site was digested withRsaI for 2 h at 37°C and the digestion
products were separated using 2.5% Metaphor agarose gels (FMC Bio-
products). Polymorphic specific digestion products consisted of 100 and 20;
120, 100 and 20; and 120 bp fragments for the VV, VL and LL genotypes,
respectively. Two fragments, 404 and 168 bp, were present in all samples due
to invariantRsaI sites and served as internal controls for completed digestion.

Statistical analysis

Differences in genotype or allele frequency between the various ethnic groups
(Blacks, Caucasians and Asians) were tested by pair-wise comparisons ofχ2

233 or 232, contingency table analysis. The association between genetic
polymorphisms and prostate cancer was evaluated by traditional 232 table
analysis. Fisher exact odds ratio (OR) and the corresponding 95% confidence
intervals (CIs) were calculated for each ethnic strata, and the Mantel–Haenszel
weighted ORs (ORMH) were calculated for combined strata using the software
EGRET [Epidemiological Graphics, Estimation, and Testing package analysis
module (PECAN), v.0.22].

Results

Ethnic variation
We estimated genotype frequencies ofCYP17 A1/A2 and
SRD5A2V/L genes in sample populations of North Carolinian
Blacks and Caucasians and in Taiwanese (Table I). The
genotype distribution for bothCYP17andSRD5A2were found
in Hardy–Weinberg equilibrium for each ethnic group. While
the frequency of theCYP17A2 allele (and resulting genotypes)
was similar in Blacks (0.36) and Caucasians (0.38), the A2
allele was significantly more prevalent in Taiwanese (0.52),
with P , 0.01 andP 5 0.04 for Taiwanese versus Blacks
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Table I. SRD5A2andCYP17genotype and allele frequency among
Taiwanese and North Carolinian populations of Caucasians and Blacks
(community-based sample)

NC community population

Blacksa Caucasiansa Taiwanesea

CYP17 n5 115 n 5 115 n 5 110
A1/A1 51 (44%) 47 (41%) 26 (24%)
A1/A2 46 (40%) 48 (42%) 54 (49%)
A2/A2 18 (16%)bc 20 (17%)bd 30 (27%)cd

Allele frequency (A2) 0.36 0.38 0.52

SRD5A2 n5 118 n 5 176 n 5 108
VV 77 (65%) 73 (41%) 16 (15%)
VL 38 (32%) 88 (50%) 62 (57%)
LL 3 (2.5%)ef 15 (8.5%)eg 30 (28%)fg

Allele frequency (L) 0.19 0.38 0.56

aAllelic distribution of CYP17andSRD5A2genotypes in Blacks (B),
Caucasians (C) and Taiwanese (T) sample populations were in Hardy–
Weinberg equilibrium.
bGenotype frequency for B versus C was not significantly different;
χ2 5 0.311,P 5 0.856.
c–gGenotype frequency for the following were significantly different:
cB versus T,χ2 5 11.7,P 5 0.003.
dC versus T,χ2 5 8.29,P 5 0.0159.
eB versus C,χ2 5 17.2,P 5 0.002.
fB versus T,χ2 5 67.6,P , 0.001.
gC versus T,χ2 5 31.5,P , 0.001.

Table II. CYP17 genotypes among prostate cancer patients and controls

Cases Controls ORa 95% CI P value

Caucasians n 5 96 n 5 159
A1/A1 29 (30%) 68 (43%) 1.0 (ref)
A1/A2 54 (56%) 73 (46%) 1.7 1.0–3.2 0.07
A2/A2 13 (14%) 18 (11%) 1.7 0.7–4.2 0.27
A1/A2 1 A2/A2 67 (70%) 91 (57%) 1.7 1.0–3.1 0.05

Blacksb n 5 12 n 5 8
A1/A1 4 (33%) 4 (50%)
A1/A2 6 (50%) 3 (37.5%)
A2/A2 2 (17%) 1 (12.5%)
A1/A2 1 A2/A2 8 (67%) 4 (50%)

Combinedcd n 5 108 n 5 167
A1/A1 33 (31%) 72 (43%) 1.0 (ref)
A1/A2 60 (55%) 76 (46%) 1.7 1.0–3.1 0.05
A2/A2 15 (14%) 19 (11%) 1.7 0.7–4.1 0.21
A1/A2 1 A2/A2 75 (69%) 95 (57%) 1.7 1.0–3.0 0.04

aFishers exact OR.
bOR and 95% CI not calculated due to small sample size.
cTest for trend (A1/A1, A1/A2, A2/A2);P 5 0.08.
dORMH.

and Caucasians, respectively. The distribution of the SRD5A
genotypes was significantly different between all three popula-
tions, with the L allele occurring the highest in the Taiwanese
(0.56), intermediate in Caucasians (0.38) and the lowest in
Blacks (0.19) (Table I).

Case-control study
Caucasian prostate cancer cases more frequently carried the
CYP17A2 allele (70%) than did clinic controls (57%; OR5
1.7, 95%CI 5 1.0–3.1; P 5 0.05; Table II). The same
magnitude of effect was apparent when comparing the referent
A1 homozygotes with heterozygotes or with homozygotes
for the A2 allele (Table II). Small sample sizes precluded
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Table III. CYP17 genotypes in prostate cancer stratified by age in Blacks
and Caucasians

Cases Controls ORa 95% CI P-value

ø64 years n 5 61 n 5 78
A1/A1 14 (23%) 32 (41%) 1.0
A1/A2 1 A2/A2 47 (77%) 46 (59%) 2.3 1.0–4.8 0.03

.64 years n 5 47 n 5 89
A1/A1 19 (40%) 40 (45%) 1.0
A1/A2 1 A2/A2 28 (60%) 49 (55%) 1.2 0.6–2.6 0.68

aORMH.

calculations of OR for Blacks alone, but Blacks were included
as a weighted strata in a combined ORMH of 1.7, 95% CI5
1.0–3.0;P 5 0.04.

Stratified analyses were performed according to age at
diagnosis (Table III). The cases and clinic controls were
grouped according to the mean age of the Caucasian clinic
controls (64 years) which was similar to the mean age of cases
(63 years). Among those who wereø64 years at diagnosis,
CYP17A2-containing genotypes were significantly associated
with prostate cancer (OR5 2.3, CI 5 1.0–5.4;P 5 0.03).
Among older men, there was some evidence of increased risk
from the A2 allele although this was not statistically significant.
There was no evidence of an association between genotype
and aggressiveness of tumor when comparing cases with
Gleason grade,7 with those with Gleason gradeù7 (χ2 5
0.165, P 5 0.684; data not shown). Stage data were not
available for analysis.

We were concerned that the controls included men with a
clinical diagnosis of benign prostate hypertrophy (BPH) which
could potentially be associated with differences in steroid
metabolism. Therefore, we stratified the controls into those
with BPH and those without BPH and evaluated theCYP17
genotype distribution in these populations. The OR estimate
for the CYP17 A2 allele was higher when prostate cancer
cases were compared with controls with BPH (OR5 2.3,
95% CI5 1.1–4.5) than when compared with controls without
BPH (OR 5 1.4, 95% CI5 0.7–2.7). However, these two
estimates do not differ statistically from each other, andCYP17
genotype distribution of controls with BPH did not differ from
controls without BPH (χ2 5 1.8,P 5 0.18) or from Caucasian
community population (χ2 5 0.95, P 5 0.33). We also
evaluated other diagnoses of the clinical controls, e.g. impot-
ence, and found no relationship with genotype distribution.

Comparison of cases and controls for theSRD5A2L allele
revealed an association in the opposite direction to that
predicted for this putative protective allele (Caucasians: OR5
1.4, 95% CI5 0.8–2.4) although this finding was not statistic-
ally significant (Table IV). The small number of Blacks
precluded any analysis. No association was observed after
stratifying by age or BPH classification (data not shown).

Discussion

We evaluated the association between prostate cancer and
polymorphisms in theCYP17and SRD5A2genes, two genes
involved in the biosynthesis and metabolism of testosterone.
Because testosterone and DHT are potent prostate mitogens,
elevated levels in prostate tissue are hypothesized to play a
role in unregulated prostate growth and tumorigenesis and
have been shown to be associated with increased risk of
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Table IV. SRD5A2genotypes among prostate cancer patients and controls

Cases Controls ORa 95% CI P value

Caucasians n 5 96 n 5 148
VV 42 (44%) 77 (52%) 1.0
VL 47 (49%) 58 (39%) 1.5 0.8–2.6 0.17
LL 7 (7%) 13 (9%) 1.0 0.3–2.9 1.0
VL 1 LL 54 (56%) 71 (48%) 1.4 0.8–2.4 0.24

Blacksb n 5 12 n 5 8
VV 5 (42%) 2 (25%)
VL 6 (50%) 5 (63%)
LLb 1 (8%) 1 (12%)
VL 1 LL 7 (58%) 6 (75%)

Combinedcd n 5 108 n 5 156
VV 47 (44%) 79 (51%) 1.0
VL 53 (49%) 63 (40%) 1.4 0.8–2.4 0.24
LL 8 (7%) 14 (9%) 0.9 0.3–2.6 1.0
VL 1 LL 61 (56%) 77 (49%) 1.3 0.8–2.2 0.32

aFishers exact OR.
bOR and 95% CI not calculated due to small sample size.
cTest for trend (VV, VL, LL) P 5 0.63.
dORMH.

prostate cancer (10,11). We found some evidence that the
putative high activity allele (A2) of theCYP17gene, which
would be predicted to increase levels of testosterone, may be
associated with prostate cancer (OR5 1.7, 95% CI5 1.0–
3.0; P 5 0.04).

The association between the A2 allele and prostate cancer
was present in all men and stratifying by age revealed greater
risk among men who developed disease at an earlier age
(OR 5 2.3, 95% CI5 1.0–5.4;P 5 0.03). Testosterone levels
decrease and sex hormone binding globin levels increase with
increasing age (32). Thus, the proposed increased production
of testosterone due to the A2 allele may be most important in
early onset disease. Interestingly, the high-risk allele of the
AR receptor is also primarily a risk factor in men under 60
years of age (17). We found no association between theCYP17
A2 allele and Gleason grade. However, because our sample
was restricted to men undergoing prostectomy and who may,
therefore, have less aggressive disease, we cannot rule out
the possibility that the A2 allele may be associated with
disease severity.

The observed difference between prostate cancer cases and
clinical controls is unlikely to be the result of biased population
sampling. Allele frequency in controls is consistent among
Caucasians. There was no significant difference in our estimate
of the A2 allele frequency from the Caucasian clinical controls
(0.34, n 5 158) than that of the Caucasian community
population (0.38,n 5 115;P 5 0.38; Table I). Moreover, both
of these allele frequency measurements are similar to that
observed in Caucasian women controls from North Carolina
(0.36, n 5 379) and London (0.36n 5 47) (33) and not
significantly different to two recent reports of Caucasian
women controls from New York (0.42,n 5 148) and Maryland
(0.42,n 5 113) (34,35).

One concern of our study was that the inclusion of BPH
patients in our clinical controls could potentially bias results
since BPH may be related to steroid hormone levels. The
association between the A2 allele and prostate cancer was
greatest when the controls with BPH were used as a referent
(OR 5 2.3, 95% CI5 1.1–4.5). However, the distribution of
CYP17 A2 allele of Caucasian controls with BPH was not

1730

significantly different to that of Caucasian controls without
BPH or the Caucasian community reference group, allowing
us to use the combined BPH, non-BPH as the clinical con-
trol group

The A2 allele of theCYP17 gene occurred at a higher
frequency in Taiwanese than in Blacks or Caucasians, which
does not correlate with ethnic differences in cancer incidence.
Indirect correlation between allele frequency, ethnicity and
cancer incidence can be misleading, and the association
betweenCyp17genotypes and prostate cancer remains to be
tested in a Taiwanese population. The difference between risk
due to genotype and risk due to ethnicity may be a result of
the multiple genes involved in the predisposition to prostate
cancer, or due to dietary or lifestyle differences between
ethnic groups.

Following the hypothesis of Makridakiset al. (21) that the
L allele of theSRD5A2gene should be protective for prostate
cancer, we evaluated the genotype distribution in our case-
control population. We did not detect evidence of a protective
effect from the L allele in Caucasian men in our prostate case-
control study and in fact found a slight, but not statistically
significant elevated risk from the allele. The L allele is
associated with lower serum levels of 3α-androstanediol glucu-
ronide (AAG), which is a measure of 5α-reductase activity
(21). Weak associations between serum AAG and prostate
cancer have been observed (11). This is the first case-control
study to our knowledge investigating the valine/leucine alleles
of theSRD5A2gene. Studies of a TA repeat polymorphism in
the 39-untranslated region of theSRD5A2gene have also
failed to demonstrate significant difference between cases and
controls (18,23). Because the number of Blacks in our study
was small, we were unable to evaluate the effect of the L
allele in this population. The effect of various polymorphisms
of the SRD5A2allele may vary in different ethnic groups,
warranting more extensive multi-ethnic studies.

Although sex hormones appear to be involved in prostate
carcinogenesis, the role of various polymorphisms in genes
comprising the steroid biogenesis pathway are still unclear.
Our study provides some evidence that theCYP17A2 allele
may correlate with risk for developing prostate cancer, but
does not support the hypothesis that theSRD5A2L allele is
protective. Functional characterization of the different poly-
morphisms and their effect on steroid hormones in prostate
tissue remain an important but relatively unexplored area.
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